Two patients, who were on hemodialysis over a femoral arteriovenous fistula, were transplanted in our center. Despite adequate blood pressure, perfusion of the renal allograft remained poor after completion of the vascular anastomoses. Ligation of the femoral arteriovenous fistula (1.6 L/min) led to adequate perfusion. Initial graft function was good. Although it remains unclear whether ischemia of a renal allograft is caused by venous hypertension or vascular steal due to a femoral arteriovenous fistula, it might be necessary to ligate a femoral arteriovenous fistula to obtain adequate graft perfusion.
Introduction
In some patients on hemodialysis, the femoral vessels are required for hemodialysis access due to inaccessibility of the subclavian and jugular vessels. When a renal allograft is placed in the iliac fossa and the renal vessels are anastomosed to the iliac vessels, renal allograft ischemia can occur. This can be caused by "a vascular steal phenomenon" or by venous hypertension.
We present 2 cases of renal transplantation in patients with a pre-existent femoral fistula.
Case presentation

Case 1
A 45-year old woman with end-stage renal disease was admitted to our hospital for a fifth renal transplantation. Recurrent stenosis and occlusions of the arteries of the upper extremities led to the start of hemodialysis via a graft from the right common femoral artery to the junction of the common femoral vein and great saphenous vein. Pre-transplant graft blood flow was 1.6 L/min in the loop and 1.9 L/min in the common femoral artery. A cadaveric renal allograft was placed in the right hemi-abdomen and the renal artery and vein were anastomosed to the inferior caval vein and aorta.
Despite adequate blood pressure after reperfusion, graft perfusion was poor (blue colored parenchyma). Central venous pressure, measured in the superior caval vein, was 20 mm Hg. Clamping of the arteriovenous fistula or the right common iliac vein led to a decline in central venous pressure (8 mm Hg) and emore importantly-immediate improvement in graft perfusion. Therefore the femoral arteriovenous shunt graft was ligated. Apart from one hemodialysis session in the first week because of hyperkalemia, graft function was good (103 micromol/L at discharge). However, during the following weeks graft function deteriorated and eventually patient died 5 months after renal transplantation due to an abdominal sepsis.
Case 2
A 39-year old woman with end-stage renal disease caused by medullary renal cysts had received 4 renal transplants. After vascular rejection of the fourth renal allograft, she was put back on hemodialysis via a left femoral fistula. Fistula flow was 0.7 L/min. A cadaveric allograft became available for transplantation. Perioperatively, we observed good perfusion and initial graft function was good (eGFR 66 mL/min/1,73 m 2 at day 7). Unfortunately, 2 months after surgery the patient was re-admitted to the intensive care unit with respiratory failure and died 9 days later.
Discussion
The first two cases of renal allograft dysfunction due to vascular steal by a functioning femoral arteriovenous fistula were described in 1979 by Bloss et al. 1 Since then 5 other cases have been described (Table 1) . 2e5 In all cases, allograft function dramatically improved after ligation of the femoral arteriovenous fistula. On the contrary, Gourlay et al described three cases in which ipsilateral femoral arteriovenous fistulas did not compromise renal allograft functioning. 6 In all patients pre-operative venography with venous pressure measurements were performed. Pressures within the fistula ranged from 4 to 12 mm Hg, but the pressure rapidly decreased distal to the venous anastomosis. Unfortunately, Gourlay et al did not report flow volumes of the arteriovenous fistulas.
The question arises whether ischemia of the renal allograft was caused by venous hypertension or by vascular steal induced by the femoral arteriovenous fistula.
Vascular steal is well defined in upper extremity arteriovenous fistulas. When flow in the arteriovenous shunt is high due to very low resistance in the outflow traject of the shunt, the difference in resistance causes arterial blood to divert from the higher to the lower resistance vascular circuit. The result is a steal syndrome, caused by retrograde flow in the higher resistance vascular circuit, e.g. the arteries and capillaries in the hand, toward the shunt. Symptoms caused by dialysis access-related steal syndrome of the hand can be mild, but prolonged severe hypoperfusion can lead to tissue necrosis necessitating amputation of the fingers, hand or even forearm. 7, 8 This same mechanism can cause allograft ischemia in patients with femoral fistulas (Fig. 1) .
Another mechanism by which ischemia of the renal allograft could be caused is venous hypertension in the iliac or caval vein, due to a high-flow in the arteriovenous fistula (Fig. 2) , which hampers the venous outflow of the kidney.
Interesting is our observation that the allograft functioned well when fistula flow was 0.7 L/min, whereas ligation of the fistula was necessary when the flow was 1.6 mL/min. This suggests that a highflow fistula may cause increased central venous pressure and outflow obstruction of the allograft. Further research is required to confirm our observation that an ipsilateral, high-flow arteriovenous fistula caused high central venous pressures and poor allograft perfusion.
Conclusion
Initial poor allograft perfusion can be caused by a femoral arteriovenous fistula used for hemodialysis. The question remains whether this poor allograft perfusion is caused by a vascular steal phenomenon or by venous hypertension. Our report supports the hypothesis that the presence of an ipsilateral high-flow volume ateriovenous fistula, may cause high central venous pressure and poor allograft perfusion. Our data indicate that a femoral fistula with a low or moderate flow might be saved during kidney transplantation.
